Abstract: This retrospective database analysis compared the effectiveness of dihydropyridine calcium channel blockers (DHPs), angiotensin-converting enzyme (ACE) inhibitors, and angiotensin receptor blockers (ARBs) added to diuretics or β-blockers. Adults with hypertension treated with diuretic or β-blocker monotherapy between 1998 and 2001 were identifi ed from a large US electronic medical records database of primary care practices. Patients were required to have a baseline blood pressure (BP) Ն140/90 mmHg (Ն130/80 mmHg for diabetes mellitus) and recorded BP measurements within 6 months before and 1-12 months following index date. Patients were matched 1:1:1 by propensity score to correct for differences in baseline characteristics. 1875 patients met study criteria and 660 (220 in each cohort) were matched based on propensity scores. Matched cohorts had no signifi cant differences in baseline characteristics. Mean changes in systolic/diastolic BP were -17.5/-8.8, -15.7/-6.3, and -13.0/-8.0 mmHg with DHPs, ACE inhibitors, and ARBs, respectively. Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High BP 6/7 goal attainment for each regimen was 47.3%, 40.0%, and 32.2%, respectively. DHPs, ACE inhibitors, and ARBs improved BP when added to patients' β-blocker or diuretic therapy. The greatest benefi ts were observed with DHPs, followed by ACE inhibitors, then ARBs.
Introduction
Hypertension is a key independent risk factor for cardiovascular diseases (CVD), such as heart failure, stroke, coronary heart disease (CHD), and end-stage renal disease (Chobanian et al 2003) .
Morbidity and mortality from hypertension-associated disease have been reduced in the US over the past three decades (Chobanian et al 2003) . However, past progress has not been maintained. The prevalence of hypertension in the US has increased recently (Hajjar and Kotchen 2003) . Death rates from CHD and stroke have failed to further improve, and end-stage renal disease is being diagnosed at increasing rates (Chobanian et al 2003) . Importantly, more than two thirds of hypertensive adults in the US do not have their BP under control, manifesting BP levels Ն140/90 mmHg (Chobanian et al 2003; Hajjar and Kotchen 2003) .
The Sixth Report of the Joint National Committee (JNC) on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 6) recommended initiation of antihypertensive therapy using a diuretic or β-blocker for patients who have no specifi c indications for other drug classes (Joint National Committee 1997) . The sub-sequent JNC 7 guidelines recommended thiazide diuretics as the preferred initial agent (Chobanian et al 2003) . However, approximately half of patients treated for hypertension do not respond to monotherapy (Materson et al 1993) . Indeed, large landmark clinical trials have shown that patients often require up to four medications to achieve BP control (Hansson et al 1998; ALLHAT Collaborative Research Group 2002; Dahlöf et al 2002; Black et al 2003) . It is now accepted that in order to achieve BP goals, most patients will require at least two antihypertensive agents, each from a different class, including diuretics, β-blockers, angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), and dihydropyridine calcium channel blockers (DHPs) (Bakris 2001; American Diabetes Association 2002; Chobanian et al 2003; Guidelines Committee 2003) .
Despite support for the use of multiple therapies in treating hypertension, few studies have compared the effectiveness of different antihypertensive classes and agents as part of a multidrug regimen in real-world clinical practice. Many real-world issues, such as suboptimal patient adherence with medications, are often not accounted for in clinical trials (Monane et al 1997; Burnier et al 2001) . The objective of this retrospective cohort analysis was to compare, within a physician offi ce setting, the clinical effectiveness of DHPs, ACE inhibitors, and ARBs when added to diuretic or β-blocker therapy in patients who had previously received a diuretic or β-blocker, but had failed to achieve their BP goal. This study compared the effectiveness of different multiple antihypertensive regimens used in a way that mirrored the JNC 6 treatment recommendations that were in effect during the time period of the study cohort. Clinical effectiveness was measured by absolute BP reductions as well as by attainment of BP goals specifi ed by key treatment guidelines, including both JNC 6 and 7.
Methods

Data source
This retrospective database analysis used encrypted data extracted from the GE Medical Quality Improvement Consortium Electronic Medical Records (EMR) database. At the time of this analysis, the database contained longitudinal data for approximately 370,000 patients who were receiving treatment from primary care physicians across the US. Data collected from patient records included demographics and diagnoses, prescribed medications and procedures, cardiac risk factors, test results, and patient functional status. Physicians were from large practices in Oregon, Arizona, Texas, Massachusetts, Iowa, Virginia, New Hampshire, and Maine who had been using the EMR database for at least 1 year at study initiation.
Study population
Patients aged Ն20 years who visited a physician's offi ce during a 4-year period (1998 through 2001), had a documented diagnosis of hypertension (ICD-9-CM: 401.xx) and/or "hypertension/high BP" documented in the problem list, and initiated add-on treatment with any ACE inhibitor, ARB, or DHP were identifi ed for the study. Add-on therapy was operationally defi ned as patients already receiving β-blocker or diuretic therapy at the time the ACE, ARB, or DHP was initiated; therefore, all study patients were required to be receiving prior treatment with a β-blocker or diuretic. Those patients receiving ACE inhibitor/diuretic or ARB/diuretic fi xed-dose combinations were included only if they previously used a diuretic and had discontinued the diuretic at the time the fi xed-dose combination was initiated.
At least two valid BP readings (pre-and post-index) were required for each patient. The pre-index (or baseline) BP reading, defi ned as the most recent measurement within 6 months before the initiation of ACE inhibitor, ARB, or DHP therapy, was required to be Ն140/90 mmHg for patients who did not have diabetes and Ն130/80 mmHg for patients with diabetes mellitus. The post-index measurement was the fi nal BP reading between 1 to 12 months following the index date and must have been taken before the earliest of the following events: discontinuation of the ACE inhibitor, ARB, or DHP; initiation of any other antihypertensive agent; or 12 months after initiation of the ACE inhibitor, ARB, or DHP. Consequently, patients who initiated another antihypertensive agent on the same day or within the fi rst month of initiating the index ACE inhibitor, ARB, or DHP were excluded, as were patients who discontinued their index product within 1 month of its initiation. Patients also were excluded if they had a recorded diagnosis of congestive heart failure or previous treatment with any other antihypertensive agent. The time frame for the study is depicted in Figure 1 .
Data collection
Patient demographics at baseline included age, sex, and weight. During the study period, a number of data were collected to enable comparison of disease severity between patient groups. These data included patients' age, comorbid hyperlipidemia, diabetes, coronary artery disease and/or, end-stage renal disease, baseline SBP and DBP, and JNC 6 BP stage, the number of BP measurements during the 6 months prior to ACE inhibitor, ARB, or DHP initiation, month/year of ACE inhibitor, ARB, or DHP initiation, prior therapy (β-blocker versus diuretic), and interval between baseline BP measurement and the date of ACE inhibitor, ARB, or DHP initiation. Additionally, Charlson's comorbidity index, a single score based on the sum of a weighted ranking of comorbid conditions, was calculated from patient data at baseline in order to compare the overall health status of patient groups (Charlson et al 1987) . The calculations were based on ICD-9 codes, using the methods described by Romano et al (1993) .
As data were analyzed for patients receiving treatment during the period 1998 through 2001, BP goal attainment was defi ned by JNC 6 (Joint National Committee 1997), the JNC 6 goals were incorporated into the newer JNC 7 guidelines after the study period (Chobanian et al 2003) . Therefore, JNC 6/7 BP goal attainment was calculated as the proportion of patients with a fi nal BP reading Ͻ140/90 mmHg. Attainment of the American Diabetes Association (ADA) goal for hypertension was also calculated, and was defi ned as the proportion of patients with BP Ͻ130/80 mmHg (American Diabetes Association 2002).
Statistical analyses
To reduce the potential infl uence of confounding variables, a statistical matching technique was utilized. Propensity scores (D'Agostino 1998) were calculated as the probability of being in the DHP and ACE inhibitor cohorts using a multinomial logistic regression model. Patients across the three study cohorts (ACE inhibitor, ARB, DHP) were matched using propensity scores at a 1:1:1 ratio. A set of three matches was identifi ed as the fi rst three patients selected in random order who matched on the likelihood of being in the DHP and ACE inhibitor groups within one-fourth standard deviation of the respective propensity scores. This matching process continued until there were no more sets of three matching patients. One of the advantages of this technique over the use of Cox proportional hazard models is that it removes differences between the groups where attributes of one treatment group may be completely absent in other treatment groups. In retrospective data where treatment assignment is very systematic, these differences can impact the regression model and cause under/over correction for data within the common sample subjects, due to the infl uence of an unlike group in one arm.
The main study outcomes were incremental mean change in SBP and DBP from pre-to post-index BP reading and the percentage of patients reaching BP goals according to JNC 6/7. Categoric variables were presented as the sum and percentage of patients, and continuous variables as the mean and standard deviation. Baseline characteristics and treatment outcomes were compared using a chi-square test and analysis of variance (ANOVA) for categorical and continuous variables, respectively. Baseline characteristics were tested despite the scoring matching technique used, because matching was based on the p-score, and not each individual characteristic that was used to generate the p-score. Therefore, it was still possible that some differences could exist between the groups with respect to some characteristics. This process also served to test how successful the propensity matching had been. No corrections were applied to p-values for multiple comparisons. Analyses were performed using SAS version 8.2 (SAS Institute, SAS Procedures Guide, Version 8.2, 2002; SAS Institute, Cary, NC, USA).
Results
Baseline characteristics
A total of 1875 patients met the original inclusion criteria for the study; after applying propensity score matching, a total of 660 (220 for each cohort) were included in the fi nal analysis (Table 1 ). There were no statistically signifi cant differences between the DHP, ACE inhibitor, and ARB groups at baseline for mean age, percentage of male patients, and pre-index SBP or DBP. Within medication classes, the most commonly used agents were: DHP (amlodipine besylate [81%]); ACE inhibitor (lisinopril [52%]); ARB (valsartan [50%] ). The mean intervals between starting and ending BP measurements were 256 days (DHP), 261 days (ACE inhibitor), and 265 days (ARB). There were no statistically signifi cant differences between the cohorts with respect to the measurement intervals. Figure 1 Study time frame. Pre-index BP was defi ned as the most recent BP reading from the date of therapy initiation to 6 months prior to the initiation of therapy. Postindex BP was defi ned as the fi nal BP reading within 30 to 60 days from the index date. Abbreviations: BP, blood pressure; DHP, dihydropyridine calcium channel blocker; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
Blood pressure outcomes
As shown in Figure 2 , mean (SD) SBP reductions in the overall sample were -17.5 (21.0) mmHg for patients receiving add on DHP therapy, -15.7 (20.2) mmHg for those receiving ACE inhibitors as add-on therapy, and -13.0 (21.4) mmHg among patients that received add-on treatment with an ARB. The reductions in SBP were slightly greater when DHP or ACE inhibitors were added on to patients receiving β-blockers in comparison to when they were used as additional therapy in those receiving diuretics as initial therapy, whereas the converse was true for ARBs. Figure 3 shows that overall mean (SD) reductions in DBP in patients who received DHP as add-on therapy were -8.8 (12.7) mmHg in comparison with -6.3 (11.4) mmHg for those receiving add-on ACE inhibitor therapy, and -8.0 (12.2) mmHg in those that received add-on ARBs.
Reductions in DBP were slightly greater when ACE inhibitors or ARBs were added on to patients receiving initial therapy with diuretics versus those receiving β-blockers as initial therapy. In contrast to this, reductions in DBP with DHP add-on therapy were greater in those on initial therapy with β-blockers versus diuretics.
Blood pressure goal attainment is illustrated in Figure 4 . As shown, 47.3% of study patients in the overall DHP-cohort achieved the JNC 6/7 BP goals during the year following treatment initiation, in comparison with 40.0% in the ACE inhibitor group and 32.2% of those receiving add-on therapy with β-blockers. Much of this difference appeared due to improved performance among the cohort initially receiving β-blockers, for whom goal attainment with the addition of DHPs was 52.0% and with the addition of ACE inhibitors it was 43.4% versus 30.4% for ARBs.
Discussion
This "real-world" analysis supports the use of combinations of antihypertensive drugs in order to reduce SBP and DBP and to enable patients to achieve JNC 6/7 BP goals. The addition of an ACE inhibitor, ARB, or DHP to existing β-blocker or diuretic treatment for up to 12 months resulted in significant reductions in SBP and DBP compared with baseline values. These results are in agreement with fi ndings from clinical trials showing that more than one antihypertensive drug is often required to reduce BP and achieve BP control (Hansson et al 1998; ALLHAT Collaborative Research Group 2002; Dahlöf et al 2002; Black et al 2003) . The mean reduction in BP during the study period reported here ranged from 13.0 mmHg to 17.5 mmHg for SBP, and from 6.3 mmHg to 8.8 mmHg for DBP. Sustained BP reductions of this magnitude in patients with hypertension are likely to represent a clinically meaningful treatment effect (Staessen et al 2003; Turnbull et al 2005) .
When comparing the effects of three different antihypertensive drug classes as add-ons to β-blocker or diuretic therapy, DHPs were associated with the greatest improvements in BP, followed by ACE inhibitors and then ARBs. We observed that SBP was reduced to a statistically greater extent by DHPs compared with ARBs. Large-scale clinical trials have confi rmed that DHP-based treatment regimens are associated with reduced cardiovascular events compared with β-blocker-based therapy (Dahlöf et al 2005) and similar reductions to ARB-based antihypertensive regimens (Julius et al 2004) . The benefi ts of ACE inhibitor or DHP combination therapy on SBP is signifi cant, given the importance of SBP as a major risk factor for CVD and the diffi culty of achieving improvement in this measure (Izzo et al 2000; Chobanian et al 2003) . When given in combination with β-blockers or diuretics, DHPs also resulted in a signifi cantly greater reduction in DBP compared with that achieved with ACE inhibitors. Overall, JNC 6/7 BP goal was achieved by up to 47% of patients taking combination therapy in this analysis. However, a greater proportion of patients attained BP goal when either a DHP (47.3%) or an ACE inhibitor (40.0%) was added to pre-existing β-blocker or diuretic therapy, compared with patients receiving an ARB (32.2%) as add-on therapy. Our study used a standard defi nition of hypertension control based on the JNC 6 guidelines, as these were applicable during the period for which the data were analyzed (1998 through 2001). The recommendations of JNC 6 have been incorporated into JNC 7; thus, the outcomes of this study continue to be relevant. Nevertheless, 50% of patients in this study had not achieved their BP goal with two agents, suggesting that either the dose of these agents should have been increased further or that additional agents should have been added. Indeed, the Irbesartan type II Diabetic Neuropathy Trials showed more than three antihypertensive agents were required to control BP (Lewis et al 2001) .
Although our analysis does not report results for specifi c antihypertensive agents, patient drug therapies were reported. The majority of patients taking DHPs (81%) in the study received amlodipine besylate, and approximately half the patients taking ACE inhibitors and ARBs took lisinopril and valsartan, respectively. We recently performed a retrospective database analysis that specifi cally assessed the clinical effectiveness of amlodipine given as monotherapy or in combination with other antihypertensive drugs in reducing BP and attaining BP goals (Bisognano et al 2004) . There were substantial reductions in BP when amlodipine was added to antihypertensive regimens. The benefi ts occurred regardless of the number of antihypertensive drugs that patients were taking upon initiation of amlodipine (Bisognano et al 2004) . The observations from the present study corroborate those from our earlier study.
The study reported here has some limitations. Firstly, the results are based on patient samples from several large US general physician practices and may not be generalizable to other populations treated by other physicians. Results may not be applicable to practices without electronic medical records. Secondly, patient adherence to medication regimens was not documented. Low rates of adherence or patient discontinuation of therapy may affect outcomes with medications, and the impact of this effect cannot be taken into account in this analysis. However, discontinuations and lack of adherence are realities of real-world treatment, and while they may limit evaluation of pure effi cacy from the study, incorporation of these factors may better refl ect real-world effectiveness. Thirdly, JNC 6 states that if a diuretic is not used as the initial antihypertensive it is usually indicated as the second agent because its addition will enhance the effects of other agents. Therefore, the use of DHPs, ACE inhibitors, and ARBs of add-on therapy in patients receiving β-blockers as initial therapy suggests poor compliance with this recommendation. Fourthly, sample sizes in the present study were small and did not allow analysis of results for key subpopulations (for example, the elderly and patients with diabetes mellitus). The propensity matching technique used also reduced the sample size. However, the intent was to compare similar cohorts (based on baseline characteristics) and this was thought more important than keeping all patients in the sample. Finally, the use of a single pre-and post-index measurement of BP is a limitation. The single pre-and postindex measurement was a prospectively defi ned end point for this analysis based on application of this end point in a prior study (Bisognano et al 2004) . Alternative defi nitions may provide differing results, however we felt this defi nition was the most consistent measure between patients based on the structure of the database, and the fairest end point to compare across treatment groups. Another potential limitation of this analysis is that channeling bias (Petri and Urquhart 1991) may not be fully addressed, although propensity matching analyses (D'Agostino 1998) were performed to address betweengroup differences in a number of baseline characteristics. Channeling bias may occur in observational studies because prescribing does not occur by random allocation in clinical practice, in contrast to randomized controlled trials where treatment assignment is random. As it was not known why the prescribing physicians decided upon the use of each antihypertensive agent, whether as initial or subsequent therapy, we cannot fully assess whether patient or prescriber factors systematically led to different treatment choices for different patient types. To the extent that these patient factors were collected and incorporated into the propensity score model, this effect is largely accounted for. However, these treatment choices may have been driven by unobserved factors, such as perceptions of or reaction to indications or formulary restrictions. However, collecting and correcting for such factors were beyond the scope of this study.
Although retrospective cohort analyses such as the study reported here have traditionally been considered to have limited use in comparing treatments, there is evidence that such observational studies and randomized controlled trials demonstrate similar treatment effects (Benson and Hartz 2000; Concato et al 2000) . Therefore, despite limitations, most of which are inherent in observational studies, this report provides important results of treatment outcomes in a physician offi ce setting.
In summary, our fi ndings support the benefi ts of adding a second antihypertensive agent to a patient's antihypertensive treatment regimen. The greatest benefi ts are observed when DHPs, followed by ACE inhibitors, and then ARBs are added as second-line therapy to patients already on β-blocker or diuretic therapies. Naturally, if patients have specifi c indications for specifi c drug treatment (such as proteinuria or diabetes), such indications must be followed. These fi ndings suggest that appropriate and early integration of an additional antihypertensive drug into patients' therapeutic regimens, particularly a DHP, together with the appropriate dose titration may lead to improved BP outcomes in realworld clinical practice.
